The discriminant analysis (DA) method was used to differentiate and classify the water quality of three major rivers in South Florida. In this study, DA was used to assess the water quality and evaluate the spatial and temporal variations in surface water quality in South Florida. DA, as an important data reduction method, was used to assess the water pollution status and analysis of its spatiotemporal variation. It was found by the stepwise DA that five variables (chl-a, dissolved oxygen (DO), total Kjeldahl nitrogen (TKN), total phosphorus (TP) and water temperature) are the most important discriminating water quality parameters responsible for temporal variations. Spatial variation in water quality was also evaluated and identified five variables (TKN, TP, ammonia-N, magnesium, and sodium) and seven variables (chl-a, DO, TKN, TP, ammonia-N, magnesium, and chloride) as the most significant discriminating variables in the wet and dry season, respectively of three selected rivers in South Florida. It is believed that the results of apportionment could be very useful to the local authorities for the control and management of pollution and better protection of important riverine water quality.
INTRODUCTION
Surface water quality has become a serious concern for urban planners and managers. The surface water quality in a region is a function of natural factors (precipitation, weather, basin physiography, soil erosion, etc.) (Singh et al. ) . Seasonal variations in precipitation, surface runoff, ground water flow, and water interception and abstraction have significant effects on river discharge, and subsequently, on the concentration of pollutants in river water (Vega ) . Therefore, to better investigate and evaluate the water quality of watersheds, a study of temporal variations alongside the spatial variations of water quality seems to be inevitable.
To obtain reliable information about the inherent properties of water quality and to understand the spatial and temporal variations in the hydro-chemical and biological properties of water, continuous and regular monitoring programs are required (Singh et al. ) . However, the generated data- used CA and DA to assess temporal and spatial variations in the water quality of the watercourses in the North Western New Territories of Hong Kong, over a period of five years (2000) (2001) (2002) (2003) (2004) , using 23 parameters at 23 different sites (31,740 observations). Their results showed that DA allowed a reduction in the dimensionality of the large data set and indicated a few significant parameters that were responsible for most of the variations in water quality. Shrestha et al. () used different multivariate statistical techniques for the evaluation of temporal/spatial variations and the interpretation of a large complex water quality data set of the Mekong River. They also concluded that DA showed the best results for data reduction and pattern recognition during both spatial and temporal analysis. Li et al.
() also used DA to evaluate temporal and spatial variations and to interpret a large and complex water quality data set collected from the Songhua River basin in China. The results of DA showed a reduction in the dimensionality of the large data sets, by delineating a few indicator parameters of the water quality. Zhang et al. Given the above considerations, a large data matrix obtained over a 15-year (2000-2014) monitoring period at 16 different sites for 12 water quality parameters, and in two wet and dry seasons (approximately 35,000 observations), was subjected to DA to identify the most significant water quality variables responsible for spatial and temporal variations in river water quality.
METHODS

Study area
Canals in South Florida form an extensive network to distribute water and to discharge seasonal excess flows into estuaries. They are biologically productive systems that support a variety of aquatic plants, animals, and microorganisms, many of which also thrive in ponds, sloughs, and marshes. In this study, three major rivers in South Florida, the Miami Canal, Kissimmee river and Caloosahatchee river, are investigated for their water quality by applying different multivariate analysis techniques. The average annual temperature range from 19.2 to 28.7 W C and the annual rainfall in the entire area of South Florida is generally approximately 1,400 mm. The major land uses in these watersheds include agricultural area, wetlands, cattle ranching and dairy farming, and urban areas. Figure 1 shows the location of the study area and the selected water quality monitoring sites on the three major rivers of South Florida.
Data set preparation
The hydrography network of the study area, generated using the 1:24,000 national hydrography data set obtained from the South Florida water management district's (SFWMD) geographic information systems (GIS) data catalog, was used to delineate the flow line of the three selected rivers.
The most recent (2008) (2009) ) land cover/land use (LCLU) map, provided by the SFWMD, was used in this study.
These data were then clipped to fit our study area. 
where i is the number of groups (G), k i is a constant inherent to each group, n is the number of parameters used to classify a set of data into a given group, and w ij is the weight coefficient, assigned by DA to given parameters (P ij ). The weight coefficient maximizes the distance between the means of the dependent variable. In this study, 12 water quality parameters (1). 
RESULTS AND DISCUSSION
Spatio-temporal variations in river water quality using
DA
Temporal variations in water quality
Temporal variation in water quality was evaluated through DA. Both standard and stepwise modes were applied on the raw data after dividing the whole data set into two seasonal groups (wet and dry seasons). Season was the dependent variable, while all observed water quality parameters were independent variables. The values of Wilks' lambda and the chi-square statistic for each DF were obtained from each standard mode and stepwise mode. As shown in Table 1 , the values varied from 0.222 to 0.244 and from 277.3 to 267.5 Therefore, the temporal DA results of the stepwise mode suggested that chl-a, DO, TKN, pH, and WT were the most significant parameters for discriminating differences between the wet season and dry season, and could be used River and Caloosahatchee River (Figure 3) , and was significantly and negatively correlated with total phosphate and TP ( Table 6 ). The second DF established some separation between Kissimmee River and Caloosahatchee River, and was significantly correlated with chl-a. The CFs and CMs obtained from the two modes are shown in Tables 7 and 8.
In the standard mode, all 12 variables were included and the constructed CFs produced 80.2% accuracy in assigning cases. However, in the stepwise mode, DA produced 79.2% correct assignment using only five discriminating variables.
Box and whisker plots of discriminating parameters identified by spatial DA (stepwise mode) were constructed to evaluate different patterns associated with variations in river water quality between three studied rivers in the wet season ( Figure 4) . The points are outliers. These are defined as values that do not fall in the inner fences. Outliers are extreme values. The asterisks or stars are extreme outliers.
These represent cases that have values more than three times the height of the boxes.
The identified patterns of the most important discriminating variables show that, in general, the average concentrations of the water quality parameters in the Miami Canal are worse than the other two rivers. The Kissimmee River demonstrated even lower average values. Nonetheless, the outliers in Figure 4 are related to the average concentration of the represented variables in two highly polluted sites of S154C and CES03 in the Kissimmee River and the Caloosahatchee River, respectively.
However, TP showed that a different pattern and average concentrations of this variable were much higher in the Box and whisker plots of discriminating parameters identified by spatial DA (stepwise mode) were constructed to evaluate different patterns associated with variations in river water quality between the three studied rivers in the dry season ( Figure 6 ). The points are outliers. These are defined as values that do not fall within the inner fences.
Outliers are extreme values. The asterisks or stars are extreme outliers. These represent cases that have values more than three times the height of the boxes.
The first pattern showed clear spatial differences for Nonetheless, the outliers in Figure 6 are related to the average concentration of the represented variables in two highly polluted sites of S154C and CES03 in the Kissimmee River and the Caloosahatchee River, respectively.
CONCLUSIONS
In this study, DA was applied to evaluate spatial and temporal variations in surface water quality of three major rivers of South Florida using 15 years (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) data sets of 12 water quality variables covering 16 sampling stations, with approximately 35,000 observations. DA, as an important data reduction method, was used to assess the water pollution status and analysis of its spatiotemporal variation. In temporal DA, 12 months of raw data were divided into two seasonal groups (wet and dry season) as the dependent variable, while all observed water quality parameters were independent variables. In the spatial DA, each river was separately considered as one spatial region to evaluate the patterns associated with spatial variations in each river's water quality.
The three major rivers of South Florida were the grouping (dependent) variable, while the observed parameters in each season constituted the independent variables.
It was found by the stepwise DA that five variables (chl-a, DO, TKN, TP and WT) are the most important discriminating water quality parameters responsible for temporal variations.
In spatial DA, the stepwise mode identified only five variables (TKN, TP, ammonia-N, magnesium, and sodium) and seven variables (hl-a, DO, TKN, TP, ammonia-N, magnesium, and chloride) as the most significant discriminating variables responsible for spatial variations in the wet and dry season, respectively. There were also different patterns associated with spatial variations that were identified, depending on the variables and considered season. However, it was found that the average concentrations of the most significant discriminating variables in both the wet and dry seasons in the Miami Canal was worse than the other two rivers, and the Kissimmee River demonstrated lower average values. Nonetheless, two highly polluted sites of S154C and CES03 in the Kissimmee River and the Caloosahatchee River require more attention and consideration.
This study showed the feasibility and reliability of DA in river water quality research. It is desirable that both state and local agencies pay more attention and consideration in order to improve and protect the vulnerable river quality.
Additional studies will be required to assess precisely the unidentified sources of pollution and variation of further water quality parameters that were not analyzed in this study. Furthermore, the conclusion would be beneficial to water environment protection and water resources management in the future. The results of the spatial and temporal variations could be used to select the polluted areas and set the priority areas for the river water quality management in the study area.
